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Abstract
Tree root balls from nurseries are often too heavy for one or two people to lift and
plant, but powerful machinery can be expensive for small landscaping organizations or the
weekend home gardener. This thesis intends to document the market for such a device and
describe why the current products don't meet the specific requirements of the groups listed.
The progress of designing a new device is illustrated from the initial constraints of the
product to the evolution of a final prototype. Key aspects of the final design are
emphasized and the complete process of transporting a tree root ball with the prototype to
the desired hole is described. As future work after construction, customer feedback and
usability testing can be collected to ensure that a valuable product will enter the market and
fulfill the needs of landscapers in all parts of the country.
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1. Introduction
Transporting trees is a necessary, though burdensome, part of most landscaping
projects. The younger, and therefore, lighter tree root balls are more manageable for
transportation, but those weighing over 200 lbs. are still cumbersome to even the fittest
individuals. Several capable landscapers are needed to lift a tree root ball, move it above
its final destination and lower it into a hole that spans two to three times the diameter of the
hole [1]. The entire process could be facilitated if a device was created to give a landscaper
the mechanical advantage to lift the tree root ball by him or her self and execute the
previous steps of transportation.
The goal of this thesis is to outline the need for a light, inexpensive device for
transporting tree root balls and illustrate the design process behind the conception of a new
functioning model, including the design requirements for tree planting and the evolution of
a practical device for transporting root balls. With the assistance of the City Roots program
of Boston [2], the final design of tree transporting device has the opportunity to become a
functioning product for the benefit of their landscaping organization as well as any possible
future organizations.
2. Market Analysis
City Roots is a non-profit organization that lets volunteers aid in the planting of
trees throughout the greater Boston area. Many of the volunteers are children and senior
citizens, so it is beneficial for any device they operate to be simple to use and low on the
physical demands required [2]. A landscaping tool that assists in the transportation of tree
root balls and possibly other large plants can be greatly beneficial to the successful
continuation of this organization and others like it around the country. Small-scale
landscapers and home gardeners may also find a device for planting root balls handy in
their outdoor work.
Although the needs of each of these potential customers may differ slightly, a
device that can pick up a tree root ball of significant size, efficiently wheel it to the pre-dug
hole, and allow the root ball to be lowered into the hole is the fundamental goal. There are
currently a few products on the market that can essentially accomplish this task, including a
tree dolly and the Tree Toad Tree Transplanter.
Tree dollies like the one seen on the next page in Figure 1 function by rocking the
root ball into position on the base, tilting the dolly back so the center of gravity is above the
wheels, and performing the reverse to release the root ball. An advantage of these dollies is
that they are not particularly large in size. They can be easily rolled around and take up
little space in storage. The cost for a dolly capable of lifting a 200 lb. tree root ball is
around $250, not a small amount of money, but also inexpensive enough that one could
make his or her money back quickly performing landscaping jobs for others. [3]
Figure 1: A medium-sized tree dolly which can assist in transporting
trees [3].
The difficulty with dollies, however, is the loading and unloading steps of trees
transporting. The base is usually structured so that several individuals are required to
position the root ball onto the dolly, whether it is by rocking the tree back and forth or by
tilting the tree over to slide the base underneath. The device's structure makes it even more
difficult when planting the tree because the root ball must now drop into the hole. Heavier
trees would require that the dolly lean back even further to gain mechanical advantage, but
that may interfere with the operator or even the health of the tree.
The Tree Transplanter in Figure 2 from Tree Toad [4] is able to dig up trees, lift
them out of the ground, transport them, and lower them gently into a pre-dug hole.
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Figure 2: The Tree Toad can raise and lower tree root balls.
There are several designs of the Tree Toad to accommodate for varying sizes of
root balls. To lift a 200 lb. tree, the 24" 4-Spade model is required at a cost over $2000 for
the standard model [4]. The ability to raise and lower tree root balls slowly is obviously a
beneficial feature, but the customer is also paying for the capability to dig up already
planted trees. Most landscaping organizations such as City Roots receive their trees from
nurseries, where the root balls are previously bundled and ready to begin the planting
phase.
3. Product Development Process
The current products available to assist in tree transportation all have their
advantages, but they lack the proper combination of important aspects to make a successful
product for the widest range of customers.
3.1 Design Requirements
Tree root balls come in a variety of shapes and sizes, based primarily on the species
of tree, but also how the nursery chooses to bundle them. Typically tree root balls appear
downward conical in shape as seen in Figure 4 below.
Figure 4: A large tree root ball with a wire basket.
The size of tree root balls can span the entire range of tree sizes from a nursery 5 lb.
sapling to a multi-ton oak tree that has been growing for 50 years and needs to be relocated.
The goal of this thesis is the design of a device to transport root balls that are too heavy to
lift yet manageable enough that someone could plant a tree by him or her self without the
use of heavy and expensive machinery. [5]
The transporting device needs to be able to get underneath and support the root ball
without shifting the tree all that much, like the tree dolly process. The root ball is shaped in
such a way that many unique designs can be used as supports along the sides of the conical
shape, and don't need to be positioned directly below the lowest point.
Obviously, a tremendous amount of force is needed to lift the tree high enough so
that it can be transported. The Tree Toad uses hydraulics that the individual operates by a
foot pedal to slowly raise the root ball, similar to a car jack raising a vehicle. These
mechanisms provide a tremendous amount of force (the Tree Toad can support up to 2000
lbs.), but that strength is not absolutely necessary and raises the cost of the devise. The tree
dolly uses no hydraulics, but instead employs a 1s' class lever to give the operator a
mechanical advantage when lifting, as illustrated in Figure 5 below.
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Figure 5: A first-class lever provides the force needed to raise an object with minimal
effort, like the tree dolly.
The final design will need to use some mechanical element to reduce the force
required by the customer, since very few individuals are capable of dead lifting 200 lbs. in
front of their body.
A common error in tree planting is digging a hole too deep, and not letting the roots
reach the surface where it is easier to get the essential air and water. The incorrect and
correct way to plant a root ball is illustrated below in Figures 6 and 7.
Figure 6: The improper way to plant a root ball [5].
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Figure 7: The correct way to plant a root ball [5].
It will be assumed that the landscape customer should know that the pre-dug hole is
two to three times wider than the root ball and not nearly as tall. This allows for the design
of a device where the tree can tolerate a small drop in height, shorter than the root ball
itself.
Once the root ball is in the hole, it appears the burlap sack or wire basket that holds
the ball together will interfere with the eventual growth of the tree roots once the planting
Op
is completed. It may also be useful to consider designing a device that allows the
landscaping customer to remove the constraining equipment immediately before the root
ball is lowered and the material is difficult to remove. In actuality, the root ball can survive
quite well as long as the constraints are severed near the top, where the roots need
nutrients. Natural burlap decomposes to ash quickly, and is completely harmless to the
health of the tree. Roots grow from the areas where the wire basket was removed as well
as through larger holes remaining as seen in Figure 7 below [5].
before removing basket after removing basket
Figure 7: The wire basket is removed near the surface to allow roots to
grow outward and absorb nutrients close to the surface
Finally, the design must include considerations for cost and manufacturability. The
tree dolly is significantly cheaper than the Tree Toad because it consists of several pieces
of steel bent and welded together to form a rigid structure. With the addition of wheels, the
dolly is practically set for the market. The Tree Toad, however, contains dozens of moving
and more expensive parts. This brings up the total cost of supplies, the machines, and labor
required for the product to be put on the market.
If the primary customers are non-profit organizations, it becomes crucial that the
design limit the complexity of components so that the product remains affordable for
purchase or less costly for donation.
3.2 The Chopsticks Model
Heavy objects are carried all the time in landscaping with the assistance of
wheelbarrows. It's obvious, a tree root ball should not be carried and lowered into a hole
with a wheelbarrow, but what if one were modified to adequately pick up a tree? A wheel
barrow essentially uses a 2 nd class lever to increase the mechanical advantage for the person
required to lift heavy objects as illustrated in Figure 8.
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Figure 8: A second-class lever decreases the force needed to raise the load
For a 200 lb. root ball positioned 2 feet away from the axle of the wheels (the
fulcrum in the diagram), an individual lifting on a lever 8 feet from the wheels would need
to exert only 50 lbs. This force is quite manageable with the right handle grips. It is
comparable to lifting a standard bench press bar or 25 lb. dumbbells in each hand.
The more difficult design challenge is to conceptualize how to get the tree root ball
supported by the lever so that it can be raised and transported. The Chopstick model
utilizes two long levers that pivot near the wheel axle and clasp the root ball on opposite
sides, like a pinching motion. The device can be seen on the next page in Figure 9.
Figure 9: The "Chopsticks" Model acts like a pinching mechanism to
secure the root ball while it is transported.
Once the root ball is resting between the levers, a lead screw fastened between the
levers could be turned to bring the two parts together and squeeze the root ball. The levers
could then be lifted, holding the tree between them, and transported just like a wheelbarrow
to the final planting location.
Functionally, the wheels are large and wide to maneuver on outdoor terrain. They
are spaced wide enough to allow for the movement of the "chopsticks" but not so wide that
the device looses portability and structural integrity.
The lever arms need to be low enough to the ground so that they can lift a root ball,
but the wheel axle must be high enough to maintain the size of the tires. The joint where
the arms meet the axle cover is not strong enough to support the suspended load of the root
ball, so the additional pieces were welded above the axle cover, jointed at the same pivots,
and connected again to the lever arms as seen in a close-up in Figure 10.
Figure 10: A close-up of the hinge region on the Chopstick Model
This model has some serious design errors however. When a root ball is not held in
the device, the axle cover, lever arms, and lead screw form a four-bar linkage. All joints in
the system are still free to rotate which causes a degree of freedom and the arms are not
guaranteed to stay in place, particularly while steering the device.
The adjustability of the lever arms allows varying sizes of tree root balls to be
transported. The small variation in gap size by the lead screw, however, means that there is
a huge variation in distance between the handles. A three inch increase in root ball
diameter increases the handle gap to a whole foot if the same lever proportions are used.
That change in distance could mean the difference between lifting with arms pinned to
one's side and uncomfortably attempting to walk with hands three feet apart. A modified
device needs to recognize these concerns and provide the same advantages discovered
through this design iteration.
3.2 The Fork Model
The variation in handle distance appeared to be the greatest design issue, so the gap
between the two grips was standardized at a comfortable distance for most customers. If
this element became fixed, the lever arms would not be able to move and therefore, not
pinch like they did before. Restraining the arms also solved the problem concerning lever
movement during turns. The handles will be at the end of the lever arms, which are welded
to the wheel axle and will dictate how the device steers.
The easiest way to restrain a tree root ball is still to support it between beams like
the previous model incorporated, but with fixed beams, the root ball has to be wedged into
it as seen in Figures 11 below.
Figure 11: A large root ball can be wedged inside the device (left) by
sliding a third support and securing it or a small root ball can be
secured by sliding the third support further down the wedge (right)
The "fork" levers of the device are designed wide enough so that there is an upper
bound on root ball size considered safe to transport by oneself with this particular
mechanical advantage. The sliding rail stops where the levers begin to make a "V" and any
root balls too small for that gap are recommended to use an alternate transport method,
such as simply lifting. The root ball is now supported on three sides while being
transported for greater balance.
The 1" x 2" aluminum stock is replaced by much sturdier 2" diameter steel tubing
as seen in Figure 12. This change combined with the restraining of the levers creates a
much stronger weld between the arms and the wheel axle cover. The load of the root ball
can be supported by the wheels from underneath allowing the levers to be close to the
ground to secure the tree. The curvature of the support beams is also not as harmful to the
root ball as the edges of the aluminum could have been.
Figure 12: The final design incorporates many of the advantageous
aspects of other products on the market.
The cost of this final design is kept to a bare minimum. There are less than a dozen
parts in the entire structure and the largest piece is simply a bent piece of steel tubing.
With this level of simplicity, the transporting device can be manufactured for relatively
little and sold to home-gardening enthusiasts for excellent profits or donated to landscaping
organizations for the continued environmental awareness that urban environments often
need.
4. Future Work
The next step toward creating a product on the market is discussing the future of
this device with leaders of City Roots and possible other organizations. If they feel there is
potential for this device or an evolved form of this device to be used in their group, further
testing will be conducted to gain feedback and insight into customer needs so that a
superior product can be marketed to the landscaping community.
City Roots can assist by allowing its volunteers to operate the device and determine
if it something they may be interested in keeping or owning in their own home. If field
feedback is extremely positive, plans for large-scale manufacturing will be set in motion,
and the tree root ball transporter or Tree Fork will become another product in search of a
customer.
5. Conclusion
This project was inspired by the design of several models to create a tree
transporting device during the 2.009 course at MIT in 2005. The mentality of innovation
illustrated that there must be a better way to do this. The goal was still creating a device
that could raise transport, and lower a tree root ball of significant weight and operated by a
single person.
This thesis has described the small but niche market this product comprise. It has
shown the flaws in the current comparable products and suggested methods for improving
them. The evolution of a new device was documented and shown to operate quickly and
easily, while being manufactured as relatively inexpensive.
The crossbar is slid out and the device maneuvered so that the root ball rests against
the wedge. The crossbar is slid back down the arms until it tightly squeeze the root ball
and becomes set in place by pins. The tree is then transported to the pre-dug hole like a
wheelbarrow with the tree always facing up. Once in position, the pins are released and the
crossbar slides away to allow the root ball to fall shortly into the hole.
The product is ready to be constructed and brought to landscaping organizations for
customer feedback so that it may one day exist in every city in the country.
References
[1] "Transplanting Trees and Shrubs"
http://www.ag.ndsu.edu/pubs/plantsci/trees/f 147w.htm
[2] "Urban Ecology Institute"
http://www.urbaneco.org/city_roots.asp
[3] "Great Western Bag Company"
http://www.gwestern.com/
[4] "Tree Toad Tree Transplanters"
http://www.treetoad.com/
[5] "University of Florida: Planting Trees in Landscapes"
http://hort.ifas.ufl.edu/woody/planting/
